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ABSTRACT

1

ICU readmission is associated with increased mortality,
resource utilisation and hospital expenditure. In the
general population, respiratory-related event is one of the
most common causes of unexpected ICU readmission.
Patients with neurological deficits faced an increased
risks of ICU readmissions due to impaired mentation,
protective reflexes and other factors. A retrospective
review revealed that the leading cause of unexpected ICU
readmissions in adult neurovascular patients admitted
to our hospital was respiratory related. A respiratory
therapists-driven assessment-and-treat protocol was
developed for proactively assessing and treating adult
neurovascular patients. On-duty respiratory therapists
assessed all neurovascular patients on admission,
assigned a respiratory severity score to each patient and
then recommended interventions based on a standardised
algorithm.
Our quality improvement initiative had no effect on
the rate of unexpected ICU readmissions in adult
neurovascular patients. When compared with the baseline
population, patients enrolled in the intervention group
were significantly older ((79, 68–85 years) vs (71, 56–81
years)), but they spent comparable amount of time in the
ICU (4.5 vs 4 days, p=0.42). When the respiratory severity
score was trended in the intervention group, patients
demonstrated significant improvement in their respiratory
function, with a greater proportion of patients scoring in
the minimal and mild categories and smaller proportion in
the moderate category (p<0.01).
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PROBLEM
Respiratory-related events are one of the most
common reasons for ICU readmission in the
USA.1 To gain a thorough understanding of
this issue in our hospital, a retrospective review
was conducted on all adult neurovascular
patients who received rapid responses and/
or were readmitted to Medical-Neuro ICU at
the University of Pittsburgh Medical Center
Mercy Hospital (UPMC Mercy) between 1
January and 30 September 2019. The review
discovered that respiratory-related event was
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the major cause of unexpected ICU readmissions and that patients received respiratory
assessment and/or intervention only when
they experienced respiratory-related events,
indicating a potential area for improvement.
UPMC Mercy is located within Pittsburgh’s
downtown and is one of the UPMC system’s
three quaternary flagship hospitals, serving a
large catchment area of western Pennsylvania
and neighbouring states. The amount of
adult neurovascular patients admitted annually frequently exceed 1000, creating a busy
and high turnover working environment.
While our project team recognised that the
environment and some staffing concerns
might become the obstacles to implement
this quality improvement (QI) project, it was
believed that by putting respiratory therapists
(RTs) in charge of the process could streamline the protocol implementation and provide
benefits to this patient group. The project’s
objective was to provide proactive respiratory
assessment and interventions according to a
predefined algorithm to every adult neurovascular patient on their admission day. Our
aim is that by implementing this protocol, we
will be able to reduce the rate of unexpected
ICU readmissions due to respiratory-related
events.
BACKGROUND
Respiratory-related events were reported to
be the leading cause for unexpected ICU
readmissions.1 2 This is also true in patients
who are neurologically critically ill.3 Additionally, ICU readmissions were also associated with increased mortality, longer length
of stay in the ICU and hospital, and greater
hospital operating cost.3–5 Numerous risk
factors for unexpected ICU readmissions
have been identified, including advanced
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age, the need for mechanical ventilation, vasopressor
use, premorbid conditions, the presence of healthcare
trainees, dysphagia at the discharge from ICU and the
severity of the illness.1 6–8 Moreover, additional efforts
were made to construct predictive models based on previously identified risk factors, yet the overall applicability
of the models remained low.9 Lastly, increased clinical
experience did not improve physicians’ ability to predict
ICU readmissions.10 Additional research is warranted to
advance this area, which is full of unanswered mysteries.
Protocols led by RTs have been shown to decrease the
occurrence of unnecessary care, the length of ICU stay
and hospital stay, medication consumption and total
hospital operating cost.11–13 Successful implementation of these protocols has been shown to significantly
improve departmental and hospital care performance
and quality indices.8 14 After the retrospective review of
all adult neurovascular admissions, we identified that the
leading cause for unexpected ICU readmissions in our
hospital was respiratory related. Additionally, respiratory assessment and care were provided as ‘rescue’ after
a respiratory-related event. As a result, an idea sprouted
that developing a standardised protocol to provide proactive respiratory care to reduce the rates of unexpected
ICU readmissions in adult neurovascular patients.
BASELINE MEASUREMENT
To conduct this project, a representational sample of
adult neurovascular patients who had rapid responses
called on and/or unexpected ICU readmissions during
their stay at UPMC Mercy was reviewed. It was decided
that capturing all adult neurovascular patients admitted
between 1 January and 30 September 2019, would provide
a data sample capable of detailed analysis. This would
allow for the identification of baseline pattern of respiratory care and the establishment of an accurate estimate of
the actual number of unexpected ICU readmissions over
this period.
Because respiratory care was traditionally used to
‘rescue’ patients after a respiratory-
related event, we
identified those patients who received rapid responses
during this 9 month period. Baseline data revealed that
94 out of 655 adult neurovascular admissions satisfied the
established criteria. We analysed demographic data, ICU
readmission status and causes, admission diagnosis and
discharge status. Unplanned ICU readmissions occurred
in 36 patients, 22 of which were due to respiratory-related
causes.
DESIGN
It became evident that we need a quick and reliable
standardised protocol for evaluating patients’ respiratory function and initiating appropriate interventions.
While most RTs were receptive to the change, increased
workload was a major concern. A QI team consisting of
key stakeholders was formed, including two attending
physician champions, two nursing champions and four
2

RT champions. With the collaboration of all key stakeholders, an RT-driven assess-and-treat (RTDAT) protocol
(online supplemental table 1) was created.
As per the protocol, when the adult neurovascular
patients were admitted to the Medical-
Neuro ICU or
neurology ward, bedside nurses would notify the on-duty
RT once patients were roomed and ready. On-duty RTs
evaluated patients’ respiratory function and assigned
them a respiratory severity score based on the protocol.
They then recorded it on the data collection sheet and
provided recommended interventions and frequency
according to the proposed algorithm (online supplemental figure 1). The on-duty resident physician ordered
the requested medication and/or devices in the electronic medical records (EMR). At the end of RTs’ shifts,
they would submit the data collection sheets to the RT
champions’ office and give formal sign-outs to the next
shift.
The QI team met approximately every 4 weeks during
the cycles to monitor the implementation and complication of project. Additionally, all RTs, resident physicians
and nurses were educated on the RTDAT protocol, questions regarding the clinical flow were addressed. New staff
received orientation from nurse and RT champions were
also invited to the monthly meetings.
STRATEGY
PDSA cycle 1
The initial core QI team consisted of two attending
physicians, two nursing unit directors and four RTs. The
leading causes of unexpected ICU readmissions were
identified via the retrospective review. According to the
review, respiratory-related cause was the leading reason
for unexpected Intensive Care Unit (ICU) readmission
in adult neurovascular patients. The team then corroborated to develop the standardised assessment tool and
intervention algorithm. We began by identifying two
adult neurovascular patients admitted to the Medical-
Neuro ICU, providing proactive respiratory assessment
and intervention according to the protocol, and monitoring them throughout their stay on the Neurology
ward. Although the initial results were promising, we
encountered challenges of keep track of everything as
the number of patients enrolled increased. We contacted
the UPMC Mercy information technology department
for assistance in generating a respiratory report, however,
they were unable to assist due to all resources being redirected towards the preparation of COVID-19 pandemic.
PDSA cycle 2
A fellow physician and three resident physician champions
joined the QI team to assist with project coordination,
data collecting and chart review. To facilitate protocol
implementation, we conducted formal training sessions
on all Medical-Neuro ICU nurses and RTs, which were
led by nurse champions and RT champions, respectively,
in coordination with the physicians. The learners were
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informed about the aims of our initiative, their role in
ensuring its success, and their concerns were addressed,
incorporated into, and reflected in the protocol. All
educational materials were also distributed to other resident physicians within the Department of Internal Medicine. Right after the intense educational phase, the first
wave of COVID-19 struck, halting all research and QI
activities.
PDSA cycle 3
We rescheduled the start of this QI initiative. Additional
in-person and virtual training sessions were conducted to
update all ICU nurses and the entire RT department. In
response to the feedback, we simplified the data collection
sheet and eliminated things that were difficult to obtain
in the EMR, such as modified Rankin score. Following
the repeated training phase, each adult neurovascular
patient admitted to ICU was recognised, risk-stratified
and cared according to the protocol, thanks to our enthusiastic nurses and RTs.
PDSA cycle 4
We broaden the scope of this QI initiative to include
the Neurology ward. Additional training sessions were

conducted for the floor nurses, and periodic review of
the protocol was undertaken during the monthly staff
meeting.
RESULTS
During our implementation phase, we provided proactive respiratory assessment and care to 263 patients; 17
patients suffered from unplanned ICU readmission. Fourteen were because of respiratory-related events. Our initiative did not reduce respiratory-related ICU readmissions
in the adult neurovascular patients (table 1). Although
patients in intervention group were significantly older
(79, 68–85 years) than those in the baseline group (71,
56–81 years), both groups spent comparable amounts of
time in the ICU (4.5 vs 4 days, p=0.42). When discharge
destinations were classified as good or bad, intervention
group had better discharge outcomes, which was defined
as home and inpatient rehabilitation unit (p<0.01).
Finally, patients in the intervention group demonstrated
significant improvement in their respiratory severity
score, with a greater proportion of patients scoring in the
minimal and mild categories and a smaller proportion in
the moderate category (p<0.01) (figure 1).

Table 1 Subject characteristics

Characteristics

Baseline group (N=94)

RTDAT protocol group
(treatment group)
(N=263)

Age, median (IQR) year

71 (56–82)

79 (68–85)

P=0.01*

Intensice Care Unit (ICU) LOS, median (IQR) day

4 (2–7)

4.5 (2.25–9)

P=0.42

Hospital LOS, median (IQR) day

11.5 (7–20)

17 (9.5–25.75)

P=0.01*

Male, N (n%)

56 (59.57)

137 (52.09)

P=0.11

Admission diagnosis, N (n%)

P<0.01*

 Ischaemic stroke

81 (86.17)

186 (70.72)

 Haemorrhagic stroke

13 (13.83)

54 (20.53)

 Aneurysmal subarachnoid haemorrhage

0

23 (8.75)

Unplanned ICU readmissions, N

P=0.12

 Respiratory-related causes

22

14

 

 Other causes

14

3

 

Rapid response alerts, N

94/655

30/263

P=0.29

Discharge destination, N (n%)

P<0.01*

 Home

24 (25.53)

83 (31.56)

 

 IPR

17 (18.09)

95 (36.12)

 

 SNF

25 (26.60)

31 (11.79)

 

 LTAC

2 (2.13)

2 (0.76)

 

 Hospice/death

25 (26.60)

49 (18.63)

 

 Transfer to other hospitals

1 (1.06)

3 (1.14)

 
P<0.01*

Composite outcome, N (n%)
 Good (home +IPR)

41 (43.62)

178 (67.68)

 Bad (rest)

53 (56.38)

85 (32.32)

*P (two tailed) <0.05 is considered statistically significant.
IPR, inpatient rehab facility; LOS, length of stay; LTAC, long-term acute care hospital; SNF, skilled nursing facility.
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Figure 1 Change in respiratory severity score after the
implementation of RTDAT protocol. RTDAT, respiratory
therapists-driven assess-and-treat.

LESSONS AND LIMITATIONS
Inspired by previous work in the cardiothoracic ICU
patient groups,8 our initiative aimed to decrease unexpected ICU readmission in the adult neurovascular patient
population, with the particular emphasis on proactive
respiratory assessment and intervention by the RTs. To
accomplish this goal, a process must be developed with
a standardised algorithm for the on-duty RTs to follow. A
key lesson learnt during the process was the importance
of identifying key stakeholders from diverse backgrounds
(attending physician, nurse, RT, fellow physician and resident physician), who assisted in ensuring the protocol
was activated and implemented effectively.
The multidisciplinary collaboration established the
groundwork for the improvement process; prior to
developing our protocol, we successfully identified stakeholders from the diverse backgrounds. By including their
advice during the protocol design and planning phases,
the initiative become more viable and streamlined. By
putting RTs in charge of the protocol implementation
ensured the excellent compliance rate of the protocol.
While our RTDAT protocol did not result in less
respiratory-related ICU readmission, the shift of operational paradigm could be a significant contributing
factor. During our enrolment phase, UPMC Mercy transitioned to become the primary receiving centre within the
UPMC system for adult neurovascular patients over the
age of 75 as a result of another QI initiative to improve
quality metrics in stroke patient population. As a result,
patients in the intervention group were significantly
older and more likely to have complex comorbidities
which raised their risk of unexpected ICU readmissions.
However, we were able to maintain a similar rate of unexpected ICU admissions in the intervention group with
the RTDAT protocol, and the patients enrolled had
considerably improved outcome. Notably, the respiratory
severity scores of patients in the intervention group also
improved significantly, further supporting the efficacy of
our RTDAT protocol. Additionally, the RTDAT protocol
may have some additional advantages. The Neuro-ICU
is always short of beds due to the increasing number of
interventional and neurosurgical cases. By minimising
4

the unexpected ICU readmissions, our RTDAT protocol
may help optimise patient flow and the availability of beds.
Even though this QI initiative did not reduce respiratory-
related ICU readmissions, our RTDAT protocol was
adopted by the hospital and implemented regularly on
every adult neurovascular patient admitted to UPMC
Mercy.
Our project has the following limitations. We were
limited in our data collection and analysis capabilities
from our EMR. We were unable to validate all intervention modalities and frequencies provided by the RTs in
the EMR. In retrospect, we should have mandated this
being documented in daily progress note. Due to the
observational nature of this project, it was also susceptible to biases and confounding variables. In our study,
for example, patients in the intervention group were
older than those in the baseline group. As we all know,
age is highly correlated with ICU readmission, owing to
the fact that older patients tend to have higher prevalence of comorbidities and lower reserve. Additionally,
while we were unbale to verify all the interventions in
the EMR, the assessment and interventions provided
in the intervention group adhered strictly to the pre-
established algorithm, whereas the respiratory assessments conducted in the review period were completely
random. Additionally, we were unable to alter physicians’
discharge practice pattern. Borderline patients may have
been prematurely discharged to the neurology ward due
to ICU bed requests for incoming patients. During the
review and implementation phase of this project, there
was no physician turnover, however it remained unknown
what effect physicians’ discharge practice pattern might
have had on the outcomes. Finally, generalising our findings to other ICU patient populations may be challenging
because our patient cohort was limited to adult neurovascular patients.

CONCLUSION
With a proactive RTDAT protocol, we were unable to
reduce respiratory-
related ICU readmissions in adult
neurovascular patients. However, a shift in our hospital’s
operational paradigm may have contributed significantly
to this negative result. Our data suggested that RTDAT
protocol might improve overall respiratory performance
and discharge outcomes in adult neurovascular patients.
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